Using data from the large-scale HONEST (Home blood pressure measurement with Olmesartan Naive patients to Establish Standard Target blood pressure) study, we investigated the characteristics of the effects of olmesartan-based treatment on morning hypertension in Asian hypertensive patients. Specifically, we investigated the relationship between baseline blood pressure (BP) and BP reduction after 16 weeks by linear regression analyses; determinants of BP reduction were also investigated. For both morning home BP (MHBP) and clinic BP (CBP), reduced systolic BP (SBP) after 16 weeks was associated with baseline SBP (Po0.001). The slope of the regression lines was similar for morning home SBP (MHSBP) (−0.744) and clinic SBP (−0.735). Although sex, concomitant diabetes mellitus and concomitant hepatic disease significantly influence the relationship between BP reduction and baseline BP for MHSBP, none were deemed clinically relevant. In conclusion, olmesartan-based treatment robustly reduced baseline high MHBP, similar to CBP, and the effect was associated with baseline BP but unaffected by patient background factors.
INTRODUCTION
Because hypertension increases cardiovascular risk, managing blood pressure (BP) is important in hypertensive patients. 1 To determine their prognosis, home BP (HBP) is considered more useful than clinic BP (CBP), [2] [3] [4] [5] [6] and morning systolic BP (SBP) is the strongest predictor of stroke. 7 Generally, the effects of an antihypertensive drug are weakest in the early morning, just before patients take their tablets. 8 At this time, sharp increases in BP in response to increased renin-angiotensin system (RAS) and sympathetic nervous system activity may cause cerebrovascular and cardiovascular events. 7, 9 Therefore, the ideal antihypertensive drug would have a stable, favorable effect on morning home BP (MHBP) in addition to CBP.
The effects of antihypertensive drugs are influenced by various factors, including salt intake, 10, 11 and East Asians, including the Japanese, have high salt intake. 12 Furthermore, Japanese people are more likely than those in western countries to have polymorphisms in the candidate genes associated with increased salt sensitivity. 13 In East Asian countries, dihydropyridine calcium channel blockers (CCBs) are most frequently used, partly because their antihypertensive effect is unaffected by salt sensitivity. 14 However, RAS inhibitors are recommended as first-line therapy for high-risk hypertensive patients with diabetes or chronic kidney disease in the guidelines of the Japanese Society of Hypertension (JSH 2014). 15 The Home BP measurement with Olmesartan Naive patients to Establish Standard Target blood pressure (HONEST) study is a prospective observational study that followed 420 000 patients who received angiotensin receptor blocker (ARB) (olmesartan)-based antihypertensive treatment for 2 years; time from start of treatment to first occurrence of cardiovascular events is the primary end point. 16 We hypothesized that the antihypertensive effect of a RAS inhibitor, olmesartan, may differ according to patient characteristics (for example, individual differences in sex, age, obesity medical history and comorbidity) and type of BP (MHBP/CBP) in Japanese patients, who are likely to have salt-sensitive hypertension associated with high salt intake. In the present analysis, we used data for morning home systolic BP (MHSBP) and clinic systolic BP (CSBP) at 16 weeks from the HONEST study to investigate the characteristics of ARB-based BP-lowering effects.
METHODS

Study design and patients
The HONEST study is a 2-year large-scale prospective observational study. Its protocol and main results have been reported. 16, 17 Briefly, olmesartan-naive patients with essential hypertension (physician-reported, no specific BP range) measured their MHBP on ⩾ 2 days using their own electrical devices and had their CBP measured in the 28 days before they began taking olmesartan. Patients with a history of recent cardiovascular events and planned cardiovascular interventions were excluded. Patients received olmesartan (10 or 20 mg per day) at the discretion of the participating physicians. Prior antihypertensive treatment (with the exception of prior use of olmesartan) and combination antihypertensive drug treatment during the study were allowed. Participating physicians reported patient characteristics, CBP and HBP, clinic and home pulse rate, laboratory test values and the incidence of cardiovascular events and adverse events during the study period. In the present analysis, we used data from the HONEST study for patients who received olmesartan over the first 16 weeks.
All patients provided written informed consent. The study protocol was approved by the Ethical Committee of Daiichi Sankyo and by the research ethics committee of participating institutions, at their discretion. The study protocol was in accordance with the pharmaceutical affairs laws of Japan. Approval was obtained from the Ministry of Health, Labour and Welfare (MHLW) of Japan. The study was undertaken in registered medical institutions in compliance with Japan's Good Postmarketing Study Practice and the internal regulations at each institution. The study is registered at http://www.umin.ac.jp/ ctr/index.htm (UMIN000002567).
HBP measurements
Patients who already had a sphygmomanometer based on the cuff-oscillometric principle were registered. All such devices available in Japan have been validated and approved by the MHLW. The devices also comply with either Association for the Advancement of Medical Instrumentation 18 or European standards. 19 In the HONEST study, patients were asked at the time of obtaining informed consent to measure their HBP twice in the morning (within 1 h of waking, after urination, before the morning dose, before breakfast and after 1-2 min of resting in a sitting position) and twice at bedtime (after 1-2 min of rest in a sitting position), according to the Japanese Society of Hypertension Guidelines for the Management of Hypertension (JSH 2009). 20 Because the present analysis aimed to evaluate the effects of antihypertensive treatment on morning hypertension, we evaluated MHBP. Additionally, for consistency with the previous study, 21 we used only the first morning measurement of HBP at baseline and after 4 and 16 weeks. In this analysis, HBP measurements were obtained before informed consent was sought; patients had measured their BP using their own methods. HBP at each measurement point was defined as an averaged value over 2 days.
CBP measurements
Because the HONEST study was performed in the setting of daily medical practice, CBP and pulse rates were measured according to the usual methods of each institution; no recommendations or training were provided with respect to CBP measurement, which was carried out at baseline and after 4 and 16 weeks. For each measurement point, one measurement was reported.
Statistical analysis
To compare the predicted reduction between HBP and CBP according to baseline BP, we performed multiple linear regression analyses using change in SBP at 16 weeks as a dependent variable and baseline SBP as an independent variable with other covariates (sex, age, history of cardiac disease, alcohol drinking habit, diabetes mellitus, hepatic disease and dyslipidemia). The regression lines on the scatter plots (change of SBP on the ordinate vs. baseline SBP on the abscissa) were based on the coefficients for baseline SBP obtained in multiple regression analyses. When drawing the regression lines, other covariates were assigned the most frequent value for each category.
To determine the extent of BP reduction in relation to baseline BP, we classified patients into three groups according to baseline SBP (130-149, 150-169 and 170-189 mm Hg), and the other covariates were assigned their most frequent values. Using predicted BP reduction (ΔSBP) for each baseline BP group, we calculated the percentage of patients in the following ranges for difference from ΔSBP: ± 0-5, ± 6-10, ± 11-15 and ± 16-20 mm Hg from ΔSBP.
In addition, to identify determinants of antihypertensive effects that differed by baseline BP, we calculated P-values for interactions between each candidate factor and baseline SBP using a separate multiple linear regression model that included baseline SBP, a candidate factor, the interaction term between baseline SBP and the candidate factor and other candidate factors as covariates. The candidate factors were selected from sex, age, body mass index, disease duration, history of drug allergies, concomitant treatment, history of cerebrovascular disease, history of cardiovascular disease, concomitant dyslipidemia, concomitant diabetes, concomitant heart disease, concomitant kidney disease, concomitant liver disease, concomitant cerebrovascular disease, smoking habit, alcohol drinking habit, family history, chronic kidney disease, pulse and baseline SBP using backward elimination, with a criterion of Po0.05 for retention.
Furthermore, we evaluated changes in mean SBP after olmesartan-based treatment with use of concomitant drugs (none, CCB, diuretics, CCB plus diuretics and CCB plus β-blockers). All statistical analyses were two-sided, and Po0.05 was considered significant. Continuous variables and categorical variables are expressed as mean ± s.d. and proportion, respectively. SAS release 9.2 software (SAS Institute, Cary, NC, USA) was used for all statistical analyses.
RESULTS
Patient enrollment
A total of 22 373 patients from 3039 medical institutions across Japan were registered between October 2009 and September 2010. Case report forms for 22 162 patients, which included data from baseline to ⩾ 16 weeks, were collected. This analysis included data from 21 341 patients. The data were fixed in April 2012. Table 1 shows the baseline characteristics of the 21 341 patients whose data were included in the effectiveness analysis. At baseline, MHSBP and diastolic BP (DBP) were 151.6 ± 16.4 mm Hg and 87.1 ± 11.8 mm Hg, respectively. Morning home pulse was 70.8 ± 10.0 beats per min. CSBP and clinic DBP were 153.6 ± 19.0 and 87.1 ± 13.4 mm Hg, respectively. Clinic pulse was 74.1 ± 11.2 beats per min.
Patient characteristics
Antihypertensive drugs
Use of antihypertensive drugs in the HONEST study has been described. 21 Briefly, the starting dose of olmesartan was 45-⩽ 10 mg per day (mainly 10 mg per day) in 25.5% (n = 5450) and 410-⩽ 20 mg per day (mainly 20 mg per day) in 66.5% (n = 14,193). The dose after 16 weeks was 45-⩽ 10 mg per day (mainly 10 mg per day) in 20.9% (n = 4455) and 410-⩽ 20 mg per day (mainly 20 mg per day) in 65.5% (n = 13 982). Of the antihypertensive drugs that had previously been used, CCBs were most common, followed by ARBs. The percentage of patients receiving concomitant antihypertensive drugs was 38.8% at baseline and 44.9% at 16 weeks, with more than half of patients remaining on olmesartan monotherapy. At baseline, the percentages of the concomitant antihypertensive drugs being administered were as follows: CCBs, 33.9% (n = 7245); β-blockers, 6.0% (n = 1276); diuretics, 4.5% (n = 961); α-blockers, 2.0% (n = 436); ACE inhibitors, 1.4% (n = 309); ARBs, 0.7% (n = 160); and other antihypertensive drugs, 0.3% (n = 74).
The number of antihypertensive drugs used, including olmesartan, changed from 1.5 ± 0.7 at baseline to 1.6 ± 0.8 at 16 weeks. Table 2 shows patients' antihypertensive treatment by baseline BP. 21 Regression lines for the reduction in MHSBP and CSBP from baseline Multiple linear regression analyses using baseline SBP as an independent variable and change in SBP (the value at 16 weeks minus the baseline value: ΔSBP) as a dependent variable showed that the SBP reduction after 16 weeks was associated with the baseline SBP for both MHBP and CBP (both Po0.001). The slope of the regression line was also similar for MHSBP (−0.744) and CSBP (−0.735) (Figure 1 The coefficients of determination (adjusted R 2 ) obtained by multiple linear regression analysis were similar for MHSBP and CSBP (0.479 and 0.486, respectively) and were not substantially different from those determined by simple regression (0.462 and 0.481, respectively). Furthermore, after adjustment for baseline dose of olmesartan and total number of antihypertensive drugs used in addition to other covariates, the slope of the regression line and the adjusted R 2 value were, respectively, − 0.738 and 0.485 for MHSBP vs. − 0.731 and 0.490 for CSBP, values that were also not substantially different from those determined by simple regression. Additionally, we conducted multiple linear regression analyses by excluding patients in whom (1) another ARB or an ACE inhibitor was switched to olmesartan or (2) olmesartan was added to an ACE inhibitor or another ARB. The results were essentially not different; the slope of the regression line and the adjusted R 2 value were, respectively, − 0.751 and 0.468 for MHSBP vs. − 0.751 and 0.489 for CSBP.
Distribution of patients by range of difference from predicted BP reduction Table 3 shows the distribution of patients by the ranges of difference from predicted BP reduction (ΔSBP). For both MHBP and CBP, the percentages of patients tended to be greater the closer ΔSBP was to its predicted value. The patient distribution was not substantially different between MHBP and CBP; ΔSBP ± 0-5 mm Hg, 24-31%; ΔSBP ± 6-10 mm Hg, 20-25%; ΔSBP ± 11-15 mm Hg, 15-17%; and ΔSBP ± 16-20 mm Hg, 10-12% of patients. Most patients (approximately 90%) had baseline BP 130 − 190 mm Hg. We conducted additional analyses that included patients with baseline BP outside this range (that is, o130 and 4190 mm Hg). The results showed a similar trend; the percentages of patients were greater as ΔSBP was closer to its predicted value (data not shown).
Determinants of antihypertensive effects by baseline BP
The determinants of antihypertensive effects that statistically significantly differed by baseline BP were sex, comorbidity of diabetes mellitus and comorbidity of hepatic disease for MHSBP and age, history of cardiac disease, comorbidity of diabetes mellitus and comorbidity of dyslipidemia for CSBP (Table 4) . However, differences in the predicted values for BP reduction for these factors were statistically significant but small for MHSBP and CSBP. Olmesartan and hypertension in Asians K Kario et al Table 4 Determinants for the antihypertensive effect of olmesartan on morning home systolic blood pressure (BP) and clinic BP a 
DISCUSSION
In the large-scale real-world observational HONEST study, which involved 420 000 Japanese hypertensive patients, we demonstrated that olmesartan-based treatment robustly and comparably reduced self-measured MHBP to a similar degree as CBP, indicating a persistent 24-h BP-lowering effect. Although HBP is often lower than CBP by approximately 6-8 mm Hg, 4,22 baseline MHBP and CBP were similar in the present study. Another study in Japan that enrolled patients who were receiving antihypertensive treatment had similar results. 23 In the present study, approximately 50% of the BP-lowering effect depended on baseline BP, and this BP-lowering effect was unaffected by patient characteristics or concomitant antihypertensive drugs of a different class. The results suggest that potent RAS inhibition of olmesartan 24, 25 could eliminate differences among individuals in hypertensive Asian patients.
Antihypertensive effect of olmesartan on MHSBP and CSBP
In the present study, we evaluated the antihypertensive effect of olmesartan-based treatment on MHSBP and CSBP by using the slope of the regression lines, calculating the predicted values for BP reduction and comparing the distribution of patients by range of difference from predicted BP reduction. The results were similar between MHSBP and CSBP. The finding that R 2 was 0.462 for MHSBP and 0.481 for CSBP indicates that nearly 50% of the antihypertensive effect noted in this study was explained by baseline BP itself. For both MHSBP and CSBP, the antihypertensive effect of olmesartan-based treatment was stronger in patients with higher baseline BP. After adjusting for baseline dose of olmesartan and total number of antihypertensive drugs, the slope of the regression lines and adjusted R 2 were not different from those before adjustment. Moreover, both MHSBP and CSBP in most patients were ± 0-5 mm Hg from predicted BP reduction. Furthermore, the predicted reductions in MHSBP and CSBP were essentially the same. These results suggest that the contribution of baseline BP to the antihypertensive effect of olmesartan after 16 weeks is relatively high. In our previous report, 21 we compared the results with those of another study (the At-HOME study 26 ) for which the observation period was 16 weeks. Based on those results, we chose 16 weeks as the observation period for the present study.
An increased antihypertensive effect in patients with higher BP at baseline has been reported for CCBs [27] [28] [29] but not ARBs. 27, 30 A metaanalysis that compared the effects of dihydropyridine CCBs against mainly RAS inhibitors in East Asians showed a correlation between baseline BP and BP reduction by dihydropyridine CCBs, whereas the correlation for RAS inhibitors was weak. 14 We did not determine the percentage of patients with salt-sensitive hypertension in this study; however, because the study involved a large number of Japanese patients (420 000), it is assumed that a certain number of patients with salt-sensitive hypertension would have been included. 13 In such populations, olmesartan-based treatment reduced Olmesartan and hypertension in Asians K Kario et al BP from baseline. We also did not measure sodium excretion by calculating sodium/creatinine ratios in the morning urine samples, which may have provided some perspective on the relationship between dietary salt and the antihypertensive effect of olmesartan.
Furthermore, to compare the results with those in previous studies, we performed simple linear regression analysis; the slope of the regression lines and the adjusted R 2 were − 0.741 and 0.462, respectively, for MHBP and − 0.740 and 0.481, respectively, for CBP. Although direct comparison is difficult, the slope of the regression lines and the R 2 values in this analysis were greater than those reported for amlodipine (−0.5727 and 0.3597, respectively) 31 and valsartan (R 2 , 0.04). 27 Olmesartan binds strongly with the angiotensin II type 1 receptor. 32 In the previous analysis from the HONEST study, we reported that olmesartan-based treatment was effective in hypertensive patients with increased pulse, especially in those with concomitant chronic kidney disease; both conditions are associated with increased sympathetic nerve activity. 33 Based on these mechanisms, we consider that olmesartan-based treatment may exert an antihypertensive effect according to baseline BP. Furthermore, the finding that olmesartan-based treatment reduces both MHSBP and CSBP suggests the sustainability of its antihypertensive effect. 34 Moreover, the effects of olmesartan on MHBP and CBP are reported to be consistent whether it is administered in the morning or in the evening. 34 This may be a reason that the potential difference in the time of day at which MHSBP and CSBP were measured (prior to or after daily olmesartan administration) did not affect the results.
Determinants of the antihypertensive effect of olmesartan by baseline BP In Table 4 , we analyzed determinants for the antihypertensive effect of olmesartan on BP by classifying baseline BP into 140, 160 and 180 mm Hg, based on the hypertension diagnostic criteria for CBP defined in guidelines (classification by 20 mm Hg). Setting these as the middle values, we used the range of ± 10 mm Hg of those values (that is, 130-149 mm Hg, 150-169 mm Hg and 170-189 mm Hg) for the analyses shown in Tables 2 and 3 . We used the same ranges for CBP and HBP to investigate whether CBP and HBP would show similar decreasing trend (we confirmed that the mean values of CBP and HBP were similar at baseline.).
The determinants of antihypertensive effect that differed by baseline BP were sex, comorbidity of diabetes mellitus and comorbidity of hepatic disease for MHSBP and age, history of cardiac disease, comorbidity of diabetes mellitus and comorbidity of dyslipidemia for CSBP.
In a previous study that investigated the antihypertensive effect of combined losartan-hydrochlorothiazide, 35 there was a difference in the BP-lowering effect of ⩾ 4 mm Hg in female or elderly patients compared with other patient groups at the baseline BP of approximately 160 mm Hg. By contrast, in the present study, although there was an interaction between baseline BP and sex or age, the difference in the BP-lowering effect at baseline BP of approximately 160 mm Hg was small-that is, there was no clinically significant difference in the antihypertensive effect of olmesartan by patient background factors.
Influence of concomitant antihypertensive drugs
Regardless of baseline BP and concomitant antihypertensive drugs, the addition of olmesartan reduced both MHSBP and CSBP to near-target levels. Generally, combination therapy that targets different mechanisms is thought to yield greater effects than an increased dose of a single antihypertensive drug. 36 Previous studies showed no difference in the effects of olmesartan when used in combination with diuretics or CCBs. 37, 38 In the present study, olmesartan alone and in combination with diuretics or CCBs showed similar antihypertensive effects in real-world clinical practice, even though patients receiving olmesartan monotherapy did not require a higher dose of olmesartan from baseline compared with those who received combination therapy and their concomitant antihypertensive drugs may have varied.
In conclusion, olmesartan-based treatment robustly reduced baseline high MHBP, similar to CBP, and the effect is associated with baseline BP and unaffected by patient background factors.
Study limitations
The HONEST study was designed to represent the real world of clinical practice, so patients were not blinded to treatment and there was no control group. Therefore, the possibility of regression toward the mean cannot be excluded. Furthermore, the effects of olmesartan shown in this study can be achieved by other antihypertensive drugs. Nevertheless, we believe that the results are useful because they reflect real-world clinical practice.
Although HBP was measured twice in the morning and twice at bedtime in the HONEST study, the present analysis focused on the MHBP and used only the first MHBP measurement (averaged value over 2 days) based on the previous report, 21 in which the first morning measurement of HBP was used to compare the results in another study. 26 
